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Abstract

Objective: Following traumatic brain injury (TBI), depressive symptoms are common and may
influence recovery. We performed a meta-analysis to estimate the benefit of antidepressants
following TBI and compare the estimated effects between antidepressants and placebo

Participants: Multiple databases were searched to find prospective pharmacological treatment
studies of major depressive disorder (MDD) in adults following TBI.

Main Measures: Effect sizes for antidepressant medications in patients with TBI were
calculated for within-subjects designs that examined change from baseline after receiving medical
treatment and treatment/placebo designs that examined the differences between the antidepressants
and placebo groups.
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Design: A random-effects model was used for both analyses.

Results: Of 1028 titles screened, 11 were included. Pooled estimates showed nonsignificant
difference in reduction of depression scores between medications and placebo (standardized mean
difference of 5 trials = —0.3; 95% CI, —0.6 to 0.0; 2 = 17%), and a significant reduction in
depression scores for individuals after pharmacotherapy (mean change = —-11.2; 95% ClI, —14.7 to
-7.6 on the Hamilton Depression Scale; 2 = 87%).

Conclusions: This meta-analysis found no significant benefit of antidepressant over placebo

in the treatment of MDD following TBI. Pooled estimates showed a high degree of bias and
heterogeneity. Prospective studies on the impact of antidepressants in well-defined cohorts of TBI
patients are warranted
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antidepressant; depression; traumatic brain injury

Traumatic Brain Injury (TBI) is an important public health problem in the United States.
There were approximately 2.8 million emergency department visits in 2013, with nearly 50
000 of those resulting in deaths.! There is a prevalence of 3.32 million to 5.3 million people
in the United States with long-term deficits and disabilities from TBI.2:3

Depressive disorders are one of the most common long-term effects of TBI of all severities,
with an estimated prevalence of 20% to 45% postinjury.*—8 Major depressive disorder
(MDD) is associated with an increased risk of suicide following TBI,? and there is an
increased prevalence of MDD over a lifetime, even when the injury was 50 years prior.10
Furthermore, TBI is frequently comorbid with other conditions such as seizures, chronic
pain, or posttraumatic stress disorder (PTSD), all of which have an increased risk of
MDD.11-13 Despite this heavy burden of MDD in TBI survivors, clinical best practice
guidelines for treatment have not been developed.

MDD can be challenging to diagnose in neurologic disorders, as it may have a more
complicated presentation, and it may be a specific sequela of the brain injury itself.14

In addition, patients with MDD after TBI do not recover as well as those without.
Decreased executive function® and poorer functional outcome, as measured by the Glasgow
Outcome Scale Extended,!® are associated with MDD after TBI. Thus, it is critical to
determine whether conventional methods of treating depression, such as pharmacological
antidepressants, are effective following TBI.

Understanding research to date on treatments of depressive disorders post-TBI is a crucial
step in developing evidence-based clinical guidelines. The most common treatment reported
for depressive disorders is pharmacological.16-20 The aim of this meta-analysis was to
evaluate research on pharmacological treatments of post-TBI depressive disorders by

(1) estimating within-subjects effect size of pharmacological treatment, (2) estimating
difference in effect size when comparing pharmacological treatment with a placebo, (3)
describing limitations of research conducted to date, and (4) recommending potential next
steps given our findings.

J Head Trauma Rehabil. Author manuscript; available in PMC 2022 January 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kreitzer et al. Page 3

METHODS

This meta-analysis evaluated all prospective studies in which any antidepressant drug was
used to treat MDD diagnosed following TBI. We used the Preferred Reporting Items

for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.?! Two authors (N.K.
and R.A.) independently reviewed all articles. We considered published and unpublished
studies. Only English language articles were considered. PubMed, ClinicalTrials.gov, and
the Cochrane database were searched using the terms “anti-depressant traumatic brain
injury,” “SSRI traumatic brain injury,” “tri-cyclic anti-depressant traumatic brain injury,”
and “depression treatment traumatic brain injury.” The original search was conducted on
February 1, 2017. A second search was conducted on September 20, 2017, to determine
whether new studies had been added to the literature. We also searched articles that

were referenced within other studies, as well as articles that were referenced in previous
systematic reviews.

Prospective studies evaluating use of an antidepressant for MDD following TBI were
selected. Studies were excluded if they specifically evaluated the use of antidepressants

for MDD refractory to first-line agents or if they utilized the same patient cohort from a
prior study. The first and second authors dual abstracted from articles using the Cochrane
Collaboration Data Collection Form for Intervention Review—RCTs and non-RCTSs. This
tool was also used to evaluate bias in each study including selection, blind assignment,
performance, detection, attrition, or other biases.?2 Each extracted approximately half of

the included studies and then reviewed extractions and bias assessments done by the other
author to confirm. In cases of conflict, the authors would review the discordant component
together. If the first and second authors could not mutually agree on a value or bias value,
the last author on the manuscript was the arbiter to determine final value. All data from

the forms were then exported into an Excel file. These data were checked by the first and
second authors and confirmed by an outside third-party research assistant. If data were

not included in the original report, we attempted to contact the investigators to obtain it.
Depression scores not reported as mean and standard deviation were transformed if possible.
Primary outcomes were calculated for the following: (1) mean change (MC) in effect

size of pharmacological treatment within subjects sharing a common depression outcome
measure; and (2) standardized mean difference (SMD) to compare effect of pharmacological
treatments within subjects sharing a common depression outcome measure. Random-effects
models were used because of expected random differences between the studies. A sensitivity
analysis was also conducted to examine the influence of each study on the combined
estimate. All analyses and plots were completed using R (version 3.4.0)23 in R Studio
(version 1.0.143) interface,2* including the R package metaphor.2>

RESULTS

Our search resulted in 1020 total titles. The search terms “traumatic brain injury” and
“depression” resulted in 12 studies from ClinicalTrials.gov. In addition, we reviewed the
references in the studies selected, which resulted in 8 additional studies to review (see Figure
1). From this, we removed 11 duplicates, excluded 989 titles/abstracts, and 28 studies were
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chosen for full review. Of these manuscripts, 11 met with inclusion/exclusion criteria and
were included in the analysis (see Table 1).

Pharmacological interventions included selective serotonin reuptake inhibitors (SSRIs)

in 8 studies,26:28.29.31-35 mongpamine oxidase inhibitors (MAOISs) in 1 study,?’ tricyclic
antidepressants (TCAs) in 1 study,3® methylphenidate for 1 study,25 and both MAOIs and
TCAs in 1 study.30 Five studies were randomized controlled trials (RCTs).26:29.31,32,34

Nine measured depression with the Hamilton Depression Scale (HAM-D),26-28:30.32-35 1
study used the Montgomery-Asberg Depression Scale (MADRS),29 and 1 study used the
Patient Health Questionnaire-9 (PHQ-9).3! Duration of treatment differed significantly, with
the longest being 34 weeks of treatment3® and the shortest being 4 weeks of treatment
(interquartile range = 7-18 weeks).30 The length of time since TBI differed significantly as
well, with the longest being 243.7 weeks2” and the shortest being 4.8 weeks.3¢ All but 4 of
the included studies had a high risk of bias (see Table 2), as demonstrated by the Cochrane
Risk of Bias tool. In one instance, the posttreatment standard deviation was not included and
could not be calculated, and the pretreatment standard deviation was imputed.2” One study
had 2 pharmacological treatment groups that were combined by calculating the combined
mean and standard deviations.26

Severity of TBI preceding initiation of pharmacological treatment of depression

was available for 9 studies.26:28:30-36 Of these, 4 studies included only mild TBI
patients,30:33.35.36 3 included mild to severe TBI patients,28:32:34 and 2 included mild

to moderate TBI patients.28:31 Pre-TBI history of any depressive disorder or prior

use of medications for depression was an exclusion criterion for 5 of the included
studies.28:31.33.35.36 Only one study reported whether the patients enrolled had a history
of TB1.33

Depressive symptoms were not significantly reduced after pharmacological treatment in
post-TBI patients when compared with placebo (SMD = -0.3; 95% ClI, —0.6 to 0.0), with
low statistical heterogeneity (/2 = 17%), for the 5 RCTs that included a control group (see
Figure 2).26.29.31.32.34 Njne studies reported the HAM-D as an outcome measure, and we
were able to pool the pre-and posttreatment depression scores following pharmacological
treatment.26-28.30.32-36 | this pooled analysis, depression score was significantly reduced
after pharmacological treatment post-TBI (MC = -11.2; 95% ClI, —14.7 to —7.6) (see Figure
3) with high statistical heterogeneity (/2 = 87%).26-28:30.32-36 Tyyg studies were excluded
from the pooled analysis because they reported the MADRS or PHQ-9 rather than the
HAM-D.2931

A sensitivity analysis was performed by removing each study from the combined estimate.
This demonstrated that the 2017 study by Fann et al3* was the only study to influence

the results of the RCT meta-analysis. Removing it changed the combined estimate from

a nonsignificant finding to a significant improvement for those in the treatment group
compared with placebo. Publication bias was not examined because of the lack of power for
adequate asymmetry assessment.
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DISCUSSION

In our meta-analysis of 5 RCTs, we did not find a significant difference in depression
severity between patients treated with pharmacological antidepressants compared with those
treated with placebo. There was 1 prior meta-analysis on this topic prior to the publication of
a large RCT, and that publication suggested that antidepressants after TBI may be associated
with reduced depressive symptoms.3” Our meta-analysis added a single, large RCT and
found no effect of antidepressants compared with placebo.3* Inclusion of this large RCT in
our meta-analysis places the current state of knowledge in context. The change in results
from the evidence when pooled together with all other studies underscores the impact of this
single, large RCT. Our findings demonstrate that additional studies are needed to ascertain
which post-TBI patients with depression are likely to respond to antidepressants.

Historically, there have been a number of challenges in clinical trials for TBI including
retention, heterogeneity, and small sample sizes.38 Heterogeneity of treatment, depression
severity, and TBI severity influenced the results of this meta-analysis. Future studies
should consider severity of depression, severity of TBI, genetics, biomarkers, and injury
characteristics to elucidate the interrelatedness of TBI and post-TBI depression. For
instance, there is no definitive scale to accurately distinguish depressive symptoms from
other effects of TBI, such as slow processing speed and apathy. Interestingly, the one study
that included stimulants has one of the highest effect sizes of the studies reviewed, with
both improvement in cognitive function and depressive symptoms.26 This is hypothesis
generating, and it is possible that in some cases a stimulant may be a better first-line choice
depending on the contribution of the underlying TBI to the mood disorder.

We included studies of adult patients with TBI and MDD of any severity. There is
evidence that MDD and TBI severity are associated, although the association is not linear.
When patients with TBI of all severities (mild, moderate, and severe) are considered, the
prevalence of depression changes on the basis of the tool used for diagnosis, self-reporting,
and type of interview conducted, thus making the diagnosis of MDD following TBI
challenging.3® Many depressive symptoms overlap with those that are naturally present
following TBI.40 Furthermore, the extent to which antidepressants are more effective than
placebo depends on the severity of depression at baseline such that those with mild to
moderate MDD have similar effects to individuals treated with placebo.?!

Although the heterogeneity of pooled analysis of the pre/post-TBI studies was high, it did
demonstrate that there was a significant improvement in HAM-D depression scores before
and after treatment with an antidepressant, which was not confirmed by our meta-analysis
of only placebo-controlled trials. There are several plausible explanations for these different
findings. In studies without a placebo group, it is impossible to know whether depression
scores improved because of drug treatment or for other reasons, such as normal variation

in symptoms over time or spontaneous improvement. It is also plausible that those in the
placebo group have reduced depressive symptoms because of study participation, as placebo
rates for depression in general show improvement when patients are enrolled in a study.*?
This is further supported by the fact that in one RCT, both the placebo and experimental
groups demonstrated significant reduction in depressive symptoms over the course of the
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study.34 Given the findings of this meta-analysis, it is worthwhile to mention that there have
been recent promising studies describing the role of psychotherapy, in particular cognitive
behavioral therapy (CBT).43-4> Multimodal approaches, such as the combination of CBT
and pharmacotherapy, may also be effective and are worthy of future study.

Another potential reason that there was no significant difference in the treatment/placebo
analysis is that the HAM-D score alone may have not been the best outcome measure.
Individuals with TBI may have depressive symptoms, as shown on depression scales that
will not change over time, due to TBI sequelae. Instead of demonstrating antidepressants do
not work over time, it could be possible that our scales either (g) are inadequate to diagnose
MDD in this population or (4) do not change sufficiently with time due to factors related

to the underlying TBI. The HAM-D includes somatic questions and in treatment/placebo
trials of medically ill patient populations, a revised subscale, such as the Maier subscale
excluding somatic questions, may be more appropriate, cost-effective, and informative than
the full HAM-D.#8 Interestingly, the 2017 study by Fann et al3* also included the Maier
subscale, which did not produce any additional separation between treatment and controls
compared with the full HAM-D. A recent secondary analysis of a randomized controlled
study demonstrated that the PHQ-9 requires fewer modifications when used in persons with
TBI than using Symptom Checklist-20 (SCL-20), the HAM-D, or subscales derived from
these tests.#” More research is needed to delineate which scales maximize the sensitivity to
change of depression in individuals with TBI.

Previous studies have described both imaging and blood-based biomarkers to identify
comorbid MDD in individuals with TBI, but none are currently used in practice.48-57
Finding such a marker may help diagnose depressive symptoms, differentiate depressive
symptoms post-TBI from TBI sequelae, and evaluate responses to treatment of post-TBI
MDD. For instance, inhibitory deficits may account for memory impairments in individuals
with concomitant MDD and TBI.58 In addition, there may be a higher genetic risk for
post-TBI depression in certain individuals.>® This is contrasted with other mechanisms
known to influence the development of MDD, such as early adversity or substance
abuse.59-61 Some literature suggests that reduced neurotrophin support, impaired monoamine
neurotransmission, and inflammation could contribute to both MDD and PTSD.62-64

For example, brain-derived neurotrophic factor (BDNF) levels may be a biomarker for
identifying those at risk of post-TBI depression.56 A prospective cohort study also
implicates inflammation as a contributor to post-TBI depression, with individuals with
higher levels of acute CSF (cerebrospinal fluid) surface cytokine markers having a 3.92
times increased risk of depression at 6 months postinjury.%’ Incorporating these modalities
to differentiate depressive symptoms from TBI sequelae is required to move the treatment of
post-TBI depression forward.

LIMITATIONS

There are several limitations to this meta-analysis. Studies were inconsistent in their
reporting of important descriptive and demographic information about the patients, so
whether or not the difference was due to differences in the study populations could not
be assessed. The lack of statistical reporting prevented standardization of studies in the
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pre/posttreatment analysis, and the lack of reporting on potentially significant covariates
prevented use of controlling for differences through a regression model, resulting in the high
heterogeneity.26-28.30.32-36 \We included the analysis of difference in patients before and
after treatment as a visual and numerical description of what has been reported to date and
also to provide context for the comparison of patients treated with an antidepressant versus
placebo. Clinically, there were a number of differences to explain heterogeneity within

the pre/posttreatment studies. The most important clinical factor was likely injury severity,
which may have yielded a heterogeneous mix of individuals with varied contributors to

the development of depressive symptoms. Many studies either provided little information
about injury severity?”+29 or included individuals with a wide range of severity.26:28,31,32,34
Furthermore, some studies did not exclude patients with serious comorbidities, 333536 some
studies did not exclude those with substance abuse,26:28:30.33.35 gne study did not exclude
patients with non-TBI neurologic disorders,3% and one study did not exclude patients with
previous mental health disorders.2? It is reasonable to assume that in the studies where

older patients were included, there might have also been additional health comorbidities that
impacted the diagnosis of MDD. The heterogeneity between these studies provides evidence
for questioning the estimated treatment effect when considering each study individually.
This was confirmed when we examined pharmacological treatment versus placebo, which
showed an insignificant effect size.

Although we included all types of antidepressants in this study to provide a complete
description of existing practice, results of the pre/posttreatment analysis may have been
affected by this decision, as non-SSRI drugs were studied in 33% of the studies included

in this analysis. Conversely, of the 218 individuals enrolled in the RCTs, only the 10
individuals who received methylphenidate were not treated with an SSRI or placebo, making
these results more reflective of SSRI treatment rather than any antidepressant.26

CONCLUSIONS

This meta-analysis found no benefit of antidepressant over placebo in the treatment of
MDD following TBI. However, there were promising findings in a small group of studies,
indicating that there may be a subset of individuals likely to respond better. Overall, there
was a high degree of bias and heterogeneity regarding TBI severity, time since injury,
depression severity, and demographics among studies. Larger prospective studies on the
impact of antidepressants in well-defined cohorts of TBI patients are warranted to better
understand treatment effects and the relationship of post-TBI MDD and functional outcome.
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Additional records identified
through other sources

(n=8)

" Duplicates excluded ‘
n=11)

J Records excluded |
\ (n = 989)

\' Full-text articles excluded
(n=17)

Depression not an cutcome (5)
Non-pharmacologic intervention (4)
Subjects not depressed at baseline (3)
Results unclear (1)
No available results (1)

\Other (3)

Exclusions for prior antidepressant use were defined as excluding for any prior use of
antidepressants. Note that the following studies were defined as not excluding for prior
antidepressant use for the following reasons: Lee et al,28 Newburn et al,2” and Rapoport

et al?8 excluded patients who had taken antidepressants recently or were currently taking
antidepressants. Rao2® excluded patients with good response to other antidepressants in the
past as well as patients with poor response to escitalopram in the past and patients currently
taking antidepressants. Saran3 had a washout period of 1 week prior to study onset.

J Head Trauma Rehabil. Author manuscript; available in PMC 2022 January 05.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Kreitzer et al.

Reduction in Depression Score: Treatment v Placebo

Page 13

Outcome Weeks  Treatment Placebo
Author, Year Antidepressant(s) Measure Treated (n) (n) SMD [95% CI)
Ansarl. 2014 Sertraline PHQ-9 24 40 40 »—I—-« 0.32[-076. 0.12)
Ashman, 2009 Sertraline HAM-D 10 22 19 e -0.25[-0.87. 0.35)
Fann, 2017 Sertraline HAM-D 12 24 29 - - 0.17[-0.38. 0.71]
Lee, 2005 Methylphenidate or Sertraline HAM-D 4 20 10 —_— -0.85[-1.64, -0.06]
Rao, 2013 Escitalopram MADRS 12 8 [ ] -0.52 [-1.60. 0.55]

Heterogeneity: Tau® = 002, Q = 4.84. df = 4 (P=0.305), F=17%

Figure 2.

Favors Treatment

-

1 I §& 1 71 3

-2

15 <1 05 0 05 1

Standardzzed Mean Difference

Favors Placebo

027 [-0.58. 0.04]

Standardized mean difference in reduction of self-reported depression after treatment with
antidepressant versus treatment with placebo. The combined estimate was not significant,
and 80% of the studies individually did not find significant improvement in depression

scores in patients who received a pharmacological treatment over patients who received a

placebo.
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Mean Reduction in HAM-D Score Post Treatment

Weeks
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Author, Year Antidepressant(s) Treated N Mean Change [95% CI]
Ashman, 2009 Sertraline 24 80 —_—— -13.80 [-18.82, -8.78)
Dinan, 1992 Amitriptyline 10 41 — 6.20(-11.58, -0.82)
Fann, 2000 Serraline 6 13 - -17.80 [-21.29, -14.31]
Fann, 2017 Sertraline 8 15 by -6.90 [-10.87, -2.93]
Horsfield, 2002 Fluoxetine 12 53 _— 8201764, 124)
Lee, 2005 Methylphenidate or Sertraline a5 5 —— -8.55 [-11.87, -5.23]
Newburn, 1999 Moclobemide 4 30 -19.00 [-20.58, -17.42)

paport, 2008 Citalop 3 26 —— -7.40 [-10.47, -4.33]
Saran, 1985 Amitnptyline and Phenylzine 12 14 —_— -9.40 [-17.12, -168]
Heterogeneity: Tau’ =228, Q= 941, df = 8 (P < 0.001), " = 87% ———— -11.15[-14.66, -7.64]

Figure 3.

Mean Change

Mean change in HAM-D scores, baseline to posttreatment. Depression score was
significantly reduced after pharmacological treatment post-TBI for the 8 studies reporting
HAM-D score as their outcome measure, however, with high heterogeneity. HAM-D
indicates Hamilton Depression Scale.
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